Introduction {#S0001}
============

According to the World Cancer Research Fund International, endometrial cancer (EC) is the sixth most common women\'s malignancy worldwide \[[@CIT0001]\]. It is estimated that EC is the second most frequent cancer of the female reproductive organs, just after cervical cancer. There were 320 000 newly diagnosed cases in 2012 \[[@CIT0002]\]. Due to the longer expected life duration, increase in obesity among women, EC has become the most commonly diagnosed tumour of female reproductive organs in developed countries. The incidence of endometrial cancer is going to increase in the upcoming years. If endometrial cancer is diagnosed in the early stage, chances of survival are high (even more than 75% patients with 5-year survival for all EC cases, up to 90% in early EC) \[[@CIT0003]\]. The highest incidence of EC is observed in menopausal women, especially between 55 and 60 years of age \[[@CIT0004]\]. In 1983, Bokhman introduced a dualistic model of two pathogenetic types of EC in women \[[@CIT0005]\]. After more than 30 years this classification seems to be valid, however, it requires an update based on new molecular discoveries and clinical insights.

Bokhman\'s classification {#S0002}
=========================

The traditional classification of epithelial tumours, which was proposed in Bokhman\'s publication, is based on clinical, metabolic and endocrine characteristics of EC. The author postulated that there are two different pathogenetic types of EC (frequency: type I -- 70%, type II -- 30%) \[[@CIT0005]\]. The first type is present in obese woman afflicted by hyperlipidaemia / diabetes and is caused by hyperestrogenism due to anovulatory uterine bleeding, infertility or late onset of the menopause. Furthermore, type I is associated with hormone receptor positivity and arises on the basis of endometrial hyperplasia. This type of EC is composed of moderately/highly differentiated tumours that are characterised by usually favourable prognosis \[[@CIT0006]--[@CIT0009]\]. In contrast, type II of EC is associated with atrophic endometrium, arises in non-obese women and is independent of metabolic or endocrine disturbances. This type of EC is composed of poorly differentiated tumours that are characterised by unfavourable prognosis. Type II neoplasms are clinically aggressive, have tendency to metastases and are diagnosed in the advanced stages of the disease. On the contrary, type I tumours are more likely to be diagnosed in the early stage \[[@CIT0007]--[@CIT0009]\]. It is hypothesised that type II cancers arise from a premalignant lesion -- EIC (endometrial intraepithelial carcinoma), whereas type I tumours are associated with a distinct premalignant condition -- EIN (endometrial intraepithelial neoplasia) \[[@CIT0010], [@CIT0011]\].

Since Bokhman\'s classification was introduced in 1983, molecular and histological studies have verified this hypothesis showing its clinical usefulness. EC in terms of histopathological characteristics is divided into several main and most frequent subtypes: serous carcinoma, clear-cell carcinoma, endometrioid adenocarcinoma and carcinosarcoma. Basing on the histopathological classification, type I tumours are usually low-grade endometrioid cancers, whereas type II are usually high-grade serous or clear-cell carcinomas. Molecular evidence shows discrete features of the two EC types in terms of gene copy numbers. Endometrioid carcinomas are characterised by mutations in *PTEN, KRAS, CTNNB1, PIK3CA* and microsatellite instability (MSI) \[[@CIT0012]--[@CIT0015]\]. Multiple studies devoted to the molecular basis of EC proved that endometrioid carcinomas are highly mutated tumours in regard to PI3K/AKT/mTOR and Wnt/β-catenin signalling pathways \[[@CIT0016]\]. PTEN is considered to be one of the most important negative regulators of the PI3K/AKT/mTOR. Loss of PTEN or its functions leads to the uncontrolled stimulation of the pathway and subsequent carcinogenesis. Dysfunction of tumour suppressor PTEN is present in the majority of endometrioid carcinomas. As PTEN loss is also frequently observed in endometrial hyperplasia, thus, it is hypothesised that it may be an initial and early step in the pathogenesis of endometrioid carcinoma \[[@CIT0017], [@CIT0018]\]. *PIK3CA* mutations are also associated with the disturbances in PI3K/AKT/mTOR pathway leading to deregulation of cell proliferation and apoptosis \[[@CIT0016]\]. *PIK3CA* gene encodes catalytic subunit p110-α. When mutated, it leads to uncontrolled activation of Akt kinase. PIK3 deregulation is observed more frequently in endometrioid carcinomas \[[@CIT0019]\]. Wnt/β-catenin pathway is dysregulated in both endometrioid and serous carcinomas, however, mutations of *CTNNB1* are observed almost only in endometrioid carcinomas. *CTNNB1* gene encodes β-catenin, the key regulator enzyme of the whole pathway. Activation of the pathway leads to the accumulation of β-catenin and localization in the nucleus, which leads to upregulation of many target genes such as *VEGF, Myc, cyclin D* or E-*cadherin* \[[@CIT0016]\]. On the contrary, non-endometrioid carcinomas (type II) are characterised by different molecular abnormalities showing distinct changes, such as *HER2* amplification and *TP53* mutations. *TP53* gene encodes a tumour suppressor p53, which plays a crucial role in conserving stability in the human genome. TP53 mutations are present in up to 90% of serous carcinomas \[[@CIT0020]\]. HER2 amplification is characteristic of type II of EC. It is an oncogene that is encoded by *ERBB2* gene and is a member of the human epidermal growth factor receptor (HER/EGFR/ERBB) family ([Tables I](#T0001){ref-type="table"}, [II](#T0002){ref-type="table"}) \[[@CIT0021]\].

###### 

Distinct clinicopathological features of type I and type II endometrial cancer

  Parameter                                       Type I                                      Type II
  ----------------------------------------------- ------------------------------------------- --------------------
  Histopathological type                          endometrioid                                serous, clear-cell
  Grading                                         G1-G2                                       G3
  Prognosis                                       favourable                                  poor
  Clinical course                                 non-aggressive                              aggressive
  Clinical stage at diagnosis (FIGO)              I-II                                        III-IV
  Receptor positivity (oestrogens/progesterone)   \+                                          --
  Oestrogen associated                            \+                                          --
  Endometrium                                     hyperplasia                                 atrophy
  Metastases                                      seldom                                      frequent
  Myometrial invasion                             usually less than 1/2 of the uterine wall   deep
  Sensitivity to hormonal therapy                 \+                                          --

###### 

Distinct genetic alterations in type I and type II endometrial cancer (percentage is based on several publications, showing only a general tendency) \[[@CIT0024]--[@CIT0026]\]

  Mutation   Type I          Type II
  ---------- --------------- ----------
  PTEN       50-80%          1-10%
  KRAS       20-40%          4-8%
  CTNNB1     25%             uncommon
  PIK3CA     40-50%          20-40%
  PIK3R1     20-40%          \< 10%
  ARID1A     25-50%          5-10%
  TP53       10%             80-90%
  HER2       very uncommon   30-40%
  MSI        30-40%          uncommon
  PPP2R1A    \< 10%          10-40%

Inconsistency in classical Bokhman\'s classification {#S0003}
====================================================

The Bokhman\'s dualistic model of EC seems to be very useful to divide tumours into two subtypes, which allows to predict possible prognosis and introduce proper treatment. What is more, the above-mentioned model was used as a basis for multiple molecular studies devoted to the pathogenesis of two types of EC. However, Bokhman\'s conception seems to be oversimplified, introducing two homogenous types of EC. Clinical, epidemiological, and molecular evidence suggests that dividing EC into just two types does not reflect the true nature of the endometrial malignant pathology. Furthermore, original Bokhman\'s classification did not include clear-cell carcinoma which is considered by many authors as a type II of EC. Such neoplasms as carcinosarcomas or other undifferentiated carcinomas are omitted in the classification \[[@CIT0005]\]. Both types of EC seems to be more heterogeneous than it has been thought before. Furthermore, there is a subtype of tumours that share mutual features of endometrioid and serous cancers. Such risk factors as obesity or diabetes are mainly associated with type I of EC, however, epidemiological data suggest that to some extent those factors are present in type II patients. It has to be brought to attention that the classical classification was based on clinical findings that were noticed in the second half of the 20^th^ century. Since then, obesity and other civilization diseases have spread throughout societies of developed countries contributing to the increase in the risk of many cancers, including endometrial neoplasms. Therefore, some patients with type II of EC present similar co-diseases as type I patients \[[@CIT0022]\]. Low-grade endometrioid and serous carcinomas belong to the two types of EC that reflect distant extremes in regard to clinical and molecular characteristics ("pure" type I or II of EC). However, high-grade carcinomas may be an overlap between the two types, presenting many mutual features that are characteristic of both groups of cancer. Despite the fact that high-grade endometrioid carcinomas histologically are different from serous carcinomas, they present similar clinical and pathological characteristics \[[@CIT0023]\]. They tend to form distant and nodal metastases, deeply infiltrate myometrium, spread aggressively and develop in a short period of time. All of these characteristics mentioned above cause poor prognosis in case of high-grade endometrioid carcinomas similarly to the serous counterparts. On the other hand, some serous carcinomas behave clinically as type I of EC. Up to 20% of serous cancers do not deeply infiltrate the myometrium, and a small number of them are associated with endometrial hyperplasia \[[@CIT0024]\]. Discrimination between serous and high-grade endometrioid carcinomas may be difficult even for an experienced pathologist. Use of immunohistochemical markers is sometimes the only way to properly classify tumours.

Molecular data show the heterogeneity of endometrial malignancy and underline the fact that type I and type II of EC share similar characteristics. Despite the fact that both types of EC are characterised by distinct genetic alterations, there is a set of mutations that can be found in endometrioid and serous carcinomas as well \[[@CIT0026]\]. *TP53* mutations are typical of serous tumours, however, about 10% of endometrioid carcinomas also exhibit this molecular feature \[[@CIT0012], [@CIT0026]\]. Dysregulation of PIK3/Akt/mTOR pathway is also often found in type II of EC \[[@CIT0026]\]. *PIK3C* may be observed even in 40% of cases, depending on the study. Similarly, loss of *PTEN* function may play an important role not only in endometrioid but also in serous cancers.

New molecular classification -- The Cancer Genome Atlas Research Network {#S0004}
========================================================================

In 2013, TGCA (The Cancer Genome Atlas Research Network) presented the first large-scale, comprehensive genomic characterisation of EC \[[@CIT0026]--[@CIT0029]\]. The study was based on 307 endometrioid, 57 serous and 13 mixed (serous/endometrioid) carcinomas. Next generation sequencing of the whole exome, genome-wide copy number analysis, whole transcriptome sequencing, methylation profiling, reverse phase protein array and assessment of microsatellite instability were used to evaluate the mutational landscape of EC. Results of the study allowed to categorise endometrial cancer into four distinct genomic subtypes, basing on the integration of somatic mutate rates, copy number alterations and microsatellite instability.

POLE ultramutated subgroup {#S20005}
--------------------------

This subgroup is characterised by an extremely high mutation rate (232 × 10^--6^ mutations/Mb), which is associated with somatic alterations in the exonuclease domain of POLE. POLE encodes the central catalytic subunit of the polymerase epsilon which is involved in the DNA repair, correcting possible errors done during synthesis of DNA \[[@CIT0030]\]. TGCA discovered 190 SMGs (significantly mutated genes) in the POLE ultramutated type, including mutations in PTEN, PIK3R1, PIK3CA and KRAS. PTEN alteration was detected in 94.1% of tumours. This subgroup was also characterised by a high rate of C\>A transversions, few copy number aberrations. In the study, 6.4% of low-grade and 17.4% of high-grade endometrioid carcinomas belonged to the ultramutated subgroup. None of serous or mixed ECs was noted. In comparison to other subgroups (hypermutated/MSI, copy number low/MSS, or copy number high/serous-like), ultramutated carcinomas were associated with a longer period of progression-free survival in patients.

Hypermutated group, microsatellite instability (MSI) {#S20006}
----------------------------------------------------

This subgroup is characterised by a high mutation rate (18 × 10^--6^ mutations/Mb), low level of somatic copy number alterations and is composed of microsatellite unstable tumours. The hypermutated subgroup presents a reduced *MLH1* gene expression due to the methylation of its promoter. In the TCGA study, 28.6% of low-grade and 54.3% of high-grade endometrioid carcinomas belonged the hypermutated/MSI+ group. None of serous or mixed ECs was noted. MSI is infrequently found in serous ECs, which was proved by other authors. TGCA study identified 21 SMGs in the hypermutated/MSI+ group, including 11 genes (*ARID5B, CSDE1, CTCF, GIGYF2, HIST1H2BD, LIMCH1, MIR1277, NKAP, RBMX, TNFAIP6, ZFHX3*) that previously had never been connected with EC pathogenesis. However, mutations of genes that are commonly altered during endometrial carcinogenesis were also noticed (*PTEN, PIK3CA, PIK3R1, CTNNB1, KRAS, ARID1A*). PTEN mutations were found to be the most frequent in the subgroup and alterations of the PTEN-PIK3CA axis seemed to be common. *KRAS* alterations were detected in approximately 35% of tumours. *CTNNB1* mutations were detected in approximately 20% of tumours, which was less frequent in comparison to the MSI stable tumours. Furthermore, recurrent *RPL22* frameshift deletions were also observed, being characteristic of the hypermutated subgroup. Previous studies proved that *RPL22* mutations may occur more frequently in microsatellite highly instable endometrioid carcinomas \[[@CIT0031]\]. Unfortunately, the exact function of *RPL22* has yet to be determined. ARID5B mutations were found in about 23% of the MSI hypermutated subgroup. This finding was characteristic of the subgroup, being less frequent in ultramutated and MSI stable classes. ARID5B is a member of the human AT-rich interaction domain (ARID) family. ARID family members regulate transcription and take part in such processes as cell proliferation and differentiation, being active in cancer-related pathways.

Copy number-low, microsatellite stable (MSS) subgroup {#S20007}
-----------------------------------------------------

This group is characterised by a lower mutation rate (2.9 × 10^--6^ mutations/Mb) and is composed of the microsatellite stable endometrioid cancers. In TGCA study, 60% of low-grade and 8.7% of high-grade endometrioid carcinomas belonged to the MSS/copy number-low group. Additionally, 25% of mixed and 2.3% of serous cancers were also found in this subgroup. However, only grade G1 and G2 endometrioid cancers' rate was significantly high. TGCA study identified 16 SMGs in the MSS/copy number-low subgroup, including seven genes (*CSMD3, CTCF, BCOR, SOX17, MECOM, METTL14, SGK1*) that had never been linked with endometrial carcinogenesis before. Apart from them, nine commonly known genes in regard to EC were identified (*PTEN, PIK3CA, PIK3R1, ARID1A, CTNNB1, SPOP, CHD4, KRAS, FGFR3*). *CTNNB1* mutations, which dysregulate the Wnt/β-catenin pathway, were considerably common -- 52%. The *SOX17* gene, which regulates β-catenin expression, was altered only in this subgroup. Due to the somatic mutations, PIK3 pathway was dysregulated in more than 90% of tumours. Microsatellite stable tumours are usually characterised by low rates of *KRAS* mutations. *KRAS* was altered in about 16% of cases. This finding is in line with previous studies by other authors, which showed a higher *KRAS* mutation rate of MSI unstable cancers \[[@CIT0032]\].

Expression of the progesterone receptor was elevated in the copy number-low subgroup, which allows to predict hormonal responsiveness of these tumours.

Copy number-high, serous-like tumours {#S20008}
-------------------------------------

This group consists of almost all serous carcinomas (97.7%), 19.6% of high-grade endometrioid carcinomas, 5% of low-grade endometrioid carcinomas and 75% of mixed histology tumours. The copy number-high subgroup is characterised by a low mutation rate (2.3 × 10^-6^ mutations/Mb) and extensive copy number aberrations. Serous-like tumours were associated with poorer prognosis in comparison to other subgroups. TGCA described eight SMGs in this group, with TP53 mutation being the most common (91.7%). Genetic instability and TP53 alterations have been previously suggested by other authors to be crucial in serous endometrial carcinomas' pathogenesis. Other SMGs described by TGCA also play an important role in the carcinogenesis. Alterations of such genes as PIK3CA, PIK3R1, PPP2R1A were identified, which were described as common in uterine serous tumours in several previous studies. Furthermore, recurrent *FBXW7* and *CHD4* mutations were detected. PIK3CA-PIK31R-PTEN axis is disturbed in 73% of serous-like tumours. However, *PTEN* mutations is an infrequent event in this group. Similarly, *KRAS* alterations affect less than 10% of tumours in the subgroup. TGCA study revealed that 25% of the serous-like tumours were ERBB2-amplified.

Conclusions from TGCA study {#S0009}
===========================

It has to be brought to attention that approximately one fifth of endometrioid carcinomas were classified as serous-like tumours by TGCA\'s molecular studies. This fact discredits the classical Bokhman\'s classification, which divides EC just into two types. A subset of patients with high-grade endometrioid cancers may benefit from more aggressive treatment that is usually preferred in serous carcinomas. TGCA study may serve as a basis for a new molecular classification, which may complement or even replace the classical dualistic model proposed by Bokhman \[[@CIT0033]\].

POLE hotspot mutations were identified exclusively in the first genomic group, which consists of ultramutated tumours. POLE alterations may be a promising biomarker that may indicate favourable prognosis in patients \[[@CIT0033]\].

PIK3 pathway was altered in majority of MSI+/hypermutated and copy number-low endometrioid cancers and affected more than 50% of serous-like/copy number-high cancers. PTEN mutations were observed in almost 90% of all endometrioid cancers included in the study ([Table III](#T0003){ref-type="table"}) \[[@CIT0026]\].

###### 

Overview of the TGCA subgroups \[[@CIT0026]--[@CIT0029]\]

  ------------------------------------------------------------------------------------------------------------------------------
  Parameter                     POLE ultramutated   MSI+/hypermutated   Copy number low/MSS     Copy number high/serous-like
  ----------------------------- ------------------- ------------------- ----------------------- --------------------------------
  Mutation rate                 232 × 10^-6^/Mb     18 × 10^-6^/Mb      2.9 × 10^-6^/Mb         2.3 × 10^-6^/Mb

  Histological type             endometrioid        endometrioid        mainly endometrioid     endometrioid, serous and mixed

  Grade                         G1-G3               G1-G3               predominance of G1-G2   G3

  Survival                      favourable          intermediate        intermediate            poor

  Mutated genes --\             POLE (100%)\        PTEN (87.7%)\       PTEN (76.7%)\           TP53 (91.7%)\
  most important examples (%)   PTEN (94.1%)\       PIK3CA (53.8%)\     PIK3CA (53.3%)\         PIK3CA (46.7%)\
                                MUC16 (94.1%)\      PIK3R1 (41.5%)\     CTNNB1 (52.2%)\         FBXW7 (21.7%)\
                                RGDP13 (94.1%)\     ARID1A (36.9%)\     ARID1A (42.2%)\         PPP2R1A (21.7%)\
                                PIK3CA (71%)\       RPL22 (36.9%)\      PIK3R1 (33.3%)\         PIK3R1 (13.3%)\
                                PIK3RI (65%)\       KRAS (35.4%)\       CTFC (21.1%)\           CHD4 (13.3%)\
                                KRAS (53%)\         ZFHX3 (30.8%)\      KRAS (15.6%)\           PTEN (10.0%)
                                ARID1A (76%)\       ARID5B (23.1%)\     FGFR2 (13.3%)           
                                GPR112 (94.1%)\     CTNNB1 (20%)\                               
                                CCNB3 (94.1%)\      FGFR2 (13.8%)                               
                                SLITRK3 (94.1%)\                                                
                                DNAH5 (94.1%)\                                                  
                                APOB (94.1%)\                                                   
                                LAMA2 (94.1%)\                                                  
                                NBEA (94.1%)                                                    
  ------------------------------------------------------------------------------------------------------------------------------
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